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57] ABSTRACT

A high-quality magneto-optic signal 1s obtained by setting
an optimum phase condition at the time of reproducing the
land or groove record 1n a magneto-optic recording medium.
By adjusting the angle of inclination of a wavelength plate,
an optimum amount of phase compensation 1s provided to
the land or the groove. Furthermore, the inclination of the
wavelength plate 1s made variable, and the DC component
of the magneto-optic signal 1s used as an adjusting signal in
order to effect a phase compensation. In reproducing the
signals recorded 1n the land and/or groove, an optimum
amount of phase compensation 1s provided 1n each case,
whereby a best producing condition 1s obtained, and high-
density records can be realized.

4 Claims, 10 Drawing Sheets
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PHASE COMPENSATION ADJUSTOR FOR
MAGNETO-OPTICAL RECORDING DEVICE

BACKGROUND OF THE INVENTION

1. Technical Field To Which The Invention Belongs

The present invention relates to a magneto-optic record-
ing medium and an optical information recording/
reproducing apparatus for high density optical recording and
reproducing to which the land- and/or groove-recording in a
magneto-optic recording medium 1s applied.

2. Prior Art

At present, optical recording media are popularly used as
recording media from which audio and video signals can be
reproduced. In particular, magneto-optic recording media
and phase change recording media are studied and devel-
oped 1n various places as rewritable, high-density recording
media.

In order to enhance the recording intensity of an optical
recording density of an optical recording medium 1n which
information 1s recorded spirally or concentrically, there are
considered to be two methods, 1.€., the shortening of the
track pitch and the enhancement of the linear recording
density. In either case, the recording density of the optical
recording medium can be realized by shortening the wave-
length of the semiconductor laser used for recording and
reproduction, but 1t seems to take some more time before
semiconductor lasers with short wavelengths of green or
blue color which can continuously oscillate at room tem-
perature over a long time and, further, come to be sold at low
prices at the market. Under such circumstances, methods are
orouped according to which the recording density can be
substantially improved by the use of lasers operating with
presently used wavelengths, as 1n the case of MSR
(magnetic super-resolution), in magneto-optic recording
media.

In case of a RAM medium, such as a magneto-optic
recording medium, light of the same wavelength 1s used both
for the writing of mnformation and for the reading thereof,
whereas 1n case of a ROM medium in which information 1s
recorded 1n advance, phase pits are formed by the use of a
short-wavelength gas laser, 1.e., Ar. In view of the ROM
medium, i1t 1s true that, in case the ROM medium, the
reproducing condition 1s the same, but recording 1s made
therein, as 1t were, using, as 1t were, a light source which will
become usable 1n the future; 1n respect of recording infor-
mation at a high density, the RAM medium is disadvanta-
geous. Due to this, in the standards for DVD which attract
attention as next-generation video recording media for
domestic use, no proposal has been made at present on a
structure 1 which the recording capacity of DVD-ROM
medium can be supported by a RAM medium of the same
medium size.

The land and groove record can be simply doubled 1n its
record density if the linear recording density 1s the same and
the track pitch i1s the same, and therefore, the land and
groove recording 1s a very 1important method in view of the
development of a high-density recording medium. In this
connection, 1t 1s reported that, in a magneto-optic recording
medium, the MSR mentioned above can not only reduce the
linear recording density, but also enhance the inter-track
crosstalk, and thus the applicability thereof to the land and
oroove recording 1s examined at various places. However,
the conditions for allowing a magnetic super-resolution to
manifest 1tself-such as, e.g., the case where the reproducing
laser power depends on the linear velocity, the case where a
reproducing magnetic field 1s necessary, the case where at
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least three magnetic layers are necessary, etc.—are very
complicated, there 1s an uncertainty 1n respect of stability,
and the manufacturing costs tend to become high.

Problem That The Invention Is To Solve

As a result of the narrowing of the track pitch, the problem
arises that, at the time of reproduction, the data signals 1n the
regions adjacent to the track which 1s being reproduced mix
into the output signal, that 1s, a crosstalk, poses a problem.
In the conventional land record or groove record, a groove
or a land exists between the adjacent lands or the adjacent
orooves, so that the regions 1n which information 1s written
are separated from each other and thus, the occurrence of
crosstalk 1s suppressed. However, 1n the case of land and
groove recording, the information-recorded regions are adja-
cent to each other, and therefore, crosstalk exerts a very
serious 1nfluence on the reproducing characteristic. In Japan
Patent Application Disclosure No. 8-7357, 1t 1s stated that
the crosstalk from the land or groove can be reduced by
suitably selecting the depth of the groove. However, accord-
ing to said Japanese Patent Application Disclosure No.
8-7357, the signal becomes free from crosstalk if the groove
depth of the medium is set at about Y% wavelength, but, in
this case, there arises the deficiency that the push-pull signal
which 1s used as a track error signal 1s small. Furthermore,
it 1s already reported that the condition for the signal to be
crosstalk-free as mentioned above easily collapses, that is,
the optimum groove depth changes due to the Kerr
ellipticity, the focal error and the wavefront aberration of the
objective lens, the ratio between the track pitch and the laser
Spot, elc.

Furthermore, 1 case of the land record or the groove
record, as the track pitch 1s narrowed more than the existing
one, the component reflected from the adjacent groove or
land 1ncrease, so that a phase difference 1s caused, and thus,
the polarized state changes, so that 1t becomes difficult to
obtain an adequate signal.

Means For Solving The Problem

In order to solve the above-mentioned problem, according,
to the present invention, it 1s proposed that an optical
information recording/reproducing apparatus including
means for irradiating a beam to a land and /or groove on a
magneto-optic recording medium to thereby record and
reproduce information, said apparatus further comprising
phase compensation amount adjusting means provided 1n a
magneto-optic signal detecting optical system.

According to the present invention, it 1s proposed that the
amount of phase compensation provided by said phase
compensation amount adjusting means 1n the case of repro-
ducing the land record and that 1n the case of reproducing the
ogrooved record differ from each other.

According to the present invention, it 1s proposed that said
optical mnformation recording/reproducing apparatus com-
prises means which performs control so that the direction of
the electric vector of the laser beam irradiated to the
magneto-optic recording medium 1n the case of reproducing
the land record and that in the case of reproducing the
ogroove record may differ from each other.

According to the present invention, 1t 1s proposed that the
electric vector of the beam 1wrradiated to the land and the
clectric vector 1rradiated to the groove are perpendicular to
cach other.

According to the present invention, it 1s proposed that the
means for controlling the direction of the electric vector 1s
an electro-optic element.
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According to the present invention, it 1s proposed that, as
said phase compensation amount adjusting means, a wave-
length plate 1s disposed in the magneto-optic signal detect-
ing optical system, the inclination of said wavelength plate
in the case of reproducing the land record and that in the case
of reproducing the groove record differ from each other.

According to the present invention, it 1s proposed that, 1n
case the beam 1s perpendicularly incident on said wave-
length plate, said wavelength plate provides the phase dif-
ference of (A/2)n+approximately A/4<P=(A/2)n+
approximately A/2 (wherein n is a positive number including
0, » stands for the wavelength of the light source used 1n said
optical information recording/reproducing apparatus, and P
stands for the phase difference provided by said wavelength
plate).

According to the present invention, it 1s proposed that said
phase compensation amount adjusting means 1s an electro-
optic element, which provides a phase difference upon
application of an electric field thereto.

According to the present invention, it 1s proposed that said
optical 1information recording/reproducing apparatus com-
prises means for polarization-detecting the beam irradiated
to the magneto-optic recording medium and reflected
thereby, a low-pass filter to which a DC magneto-optic
signal being an electric differential signal between the beams

which have electric vectors perpendicular to each other 1s
fed by said polarization-detecting means, phase compensa-
fion amount adjusting means to which the variation of the
DC component detected through said low-pass filter 1s fed as

an error signal for adjusting said amount of phase compen-
sation.

According to the present invention, it 1s proposed that said
optical information recording/reproducing apparatus com-
prises means for changing the polarity of said error signal in
case of reproducing the land record or 1n case of reproducing
the groove record.

According to the present invention, it 1s proposed that said
magneto-optic recording medium has a land record and/or a
oroove record and 1s magnetized 1n one direction perpen-
dicular to the surface of a vertical recording magnetic
coating of said magneto-optic recording medium.

According to the present 1nvention, it 1s proposed that, 1n
an mnner circumierential portion and/or and outer circum-
ferential portion of said magneto-optic recording medium,
there 1s provided a region in which a signal 1s recorded only
in the land and a region 1n which a signal 1s recorded only
in the groove.

According to the present invention, it 1s proposed that the
signals 1n the region 1 which said signals are recorded only
in the land in the inner circumferential portion and/or the
outer circumierential portion and the signals 1n the region in
which said signals are recorded only in the groove in the
inner circumierential portion and/or the outer circumferen-
tial portion are only DC components having the polarity
opposite to the polarity of the state magnetized 1in one
direction vertical to said magnetic coating for vertical
recording.

According to the present mnvention, it 1s proposed that the
optical depth of the groove of the magneto-optic recording
medium for land- and groove-recording 1s approximately
(A/4)n+A/8, wherein n stands for a positive number exclud-
ing 0, A stands for the wavelength of the light source used
in said optical information recording/reproducing apparatus.

Other objects and advantages of the present invention will
be made more apparent 1 the description which follows.

BRIEF DESCRIPTION OF THE DRAWING

There are shown 1n the attached drawing presently pre-
ferred embodiments of the present invention, wherein like
numerals 1n the various views refer to like elements, and
wherein;
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FIG. 1 1s a plan view showing the consfitution of the
optical i1nformation recording/reproducing apparatus
according to the present 1nvention;

FIG. 2 1s a plan view showing the constitution of the
irradiating optical system for irradiation 1n the optical mfor-
mation recording/reproducing apparatus according to the
present 1nvention;

FIG. 3 1s a perspective view explaining the principle of
providing a phase difference 1n the optical information
recording/reproducing apparatus according to the present
mvention;

FIG. 4 1s a plan view explaining the relationship between
the beam and the photo detector for detection of the
magneto-optic signal which 1s used in the optical informa-
tion recording/reproducing apparatus according to the
present 1nvention;

FIG. 5 1s a block diagram showing the constitution of the
feedback circuit for performing a dynamic phase compen-
sation 1n the optical mmformation recording/reproducing
apparatus according to the present invention;

FIG. 6 1s a plan view showing the state 1n which the
magneto-optic recording medium according to the present
mmvention 1S erased;

FIG. 7 1s a schematic diagram showing the result of the
measurement made of the dependency of the carrier level
and the noise level on the phase compensation amount;

FIG. 8 1s a schematic diagram showing the result of the
measurement made on the dependency of the DC component
of the differential output, which 1s a magneto-optic signal, on
the phase compensation amount;

FIG. 9 1s a plan view showing the width of the recording,
marks 1n the land and groove portions;

FIG. 10 1s a schematic diagram showing the result of the
examination made, by the use of the optical information
recording/reproducing apparatus according to the present
invention, concerning the dependency on the recording laser
power of the inter-track crosstalk in the land and groove
records by the use of the optical information recording/
reproducing apparatus according to the present invention;

FIG. 11 1s a schematic diagram showing the result of the
examination made, by the use of the optical information
recording/reproducing apparatus according to the present
invention, concerning the dependency of the jitter on the
recording laser power 1n the case both the land and groove
records are reproduced by the use of the optical information
recording/reproducing apparatus according to the present
mvention;

FIG. 12 1s a perspective view explaining the principle of
providing a phase difference according to the optical infor-
mation recording/reproducing apparatus according to the
present 1nvention;

FIG. 13 1s a plan view showing the regions 1n which
signals are recorded 1n only the land or only the groove in
the outer circumferential portion and the inner circumfer-

ential portion of a quadrantal portion of the magneto-optic
recording medium; and

FIG. 14 1s an enlarged view showing the region in which
signal 1s recorded in only the land or the groove.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

FIG. 1 1s a schematic diagram showing the optical system
of the optical recording/reproducing apparatus according to
the present invention. The laser beam emitted from a semi-
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conductor laser 1 which emits a beam having a wavelength
of 680 nm 1s converted mnto a parallel beam by a collimeter
lens 2, passes through a polarization beam splitter 3 with

Tp:Rp=80:20, and Ts:Rs=2:98 and 1s narrowed down, by an
objective lens having a numerical aperture of 0.55, to the
diffraction limited and 1irradiated to an magneto-optic
recording medium 6. The beam reflected by a groove or a
land 1s returned through the objective lens 5 again and
amplitude-split by the polarization beam splitter 3 and thus
separated 1nto a transmitted component and a component
reflected by the reflective surface. The component reflected
1s further amplitude split by a half mirror 7 mto a retlected
beam and a transmitted beam. The beam reflected by the
half-mirror 7 1s for detection of the magneto-optic signal
recorded 1n the groove or the land; and said beam passes
through a ,/2 plate 134 inclined with respect to the beam for
providing an optical phase difference to thereby eifect a
phase compensation and then split by a polarization beam
splitter 8 into a transmitted component P and a reflected
component S. The component P and the component S focus
on photo detectors 10 and 12 through converging lenses 9
and 11, respectively, and, after the photoelectric conversion
thereof, the magneto-optic signal recorded in the groove or
the land 1s reproduced by a differential amplifier 194. On the
other hand, the beam which has passed through the hali-
mirror 7 1s for detection of the magneto-optic signal
recorded 1n the land or groove and passes through a »/2 plate
135 inclined with respect to the beam for providing an
optical phase difference which 1s different from the phase
difference provided in the case of the groove to thereby
ciiect a phase compensation. The angle made by the electric
vector of the beam incident on the /2 plate 134 or 135 with
the crystal optic axis of the A/2plate 13a or 13b differs from
the angle formed by the electric vector of the beam incident
on the »/2 plate 13b or 13a with the crystal optic axis of the
half wave plate 13b or 13a. The beam which has passed
through the half wave plate 13b 1s split by a polarization
beam splitter 14 into a transmitted component P and a
reflected component S. The component S and the component
P are respectively focused by converging lenses 15 and 17
on photo detectors 16 and 18, and, after the photoelectric
conversion thereof, the magneto-optic signal recorded 1n the
land or the groove 1s reproduced by a differential amplifier
19b. According to the present mvention, 1n case of repro-
ducing the magneto-optic recording medium 1n which the
magneto-optic signals are recorded in the land and the
ogroove, the phase compensation amounts are fixed. Even 1t
the phase compensation amounts are fixed, 1t does not matter
so long as the Kerr ellipticity due to the birefringence and
the Kerr ellipticity due to the magnetic coating 1s approxi-
mately constant in any magneto-optic recording medium.

Next, 1 case of reproducing the land record and in case
of reproducing the groove record, the reproduced signals can
be 1improved by changing the polarization direction of the
clectric vector of the irradiated laser beam. Concretely
speaking, in case of reproducing the land record, the beam
1s 1rradiated 1n a direction perpendicular to the direction 1n
which the recorded signal flows, while, 1n case of reproduc-
ing the groove record, the beam 1s 1rradiated 1n a direction
parallel to the direction in which the recorded signal flows.
FIG. 2 shows the 1rradiating optical system and the direction
of the electric vector of the laser beam irradiated to the
magneto-optic recording medium 6. The beam emitted from
the semiconductor laser 1 1s converted by the collimeter lens
2 1nto a parallel beam and then passes through the polar-
1zation beam splitter 3. The polarization direction of the thus
transmitted beam 1s controlled by an electro-optic element

10

15

20

25

30

35

40

45

50

55

60

65

6

4a, such as, e.g., KTP whose crystal optic axis 1s inclined by
22.5 degrees with respect to the electric vector of the
incident beam. A driving circuit 4b feeds said electro-optic
clement 4a with a half wavelength voltage (V)/2) with
which said electro-optic element 4a provides a phase dif-
ference of A/2 with reference to the case where said A/2
voltage 1s not applied. In the embodiment shown 1n FIG. 2,
in the case of reproducing the land record, the VA/2 voltage
1s applied to the electro-optic element 4a in a direction
parallel to the crystal optic axis therecof, whereby the direc-
tion of the electric vector of the beam 1rradiated to the
magneto-optic recording medium 6 1s changed from the
direction parallel to the direction mm which the recorded
signal flows to a direction perpendicular to said direction 1n
which the recorded signal flows. In fact, the present inventor
recorded random signals according to the RLL1-7 code,
with the shortest mark length of 0.48 um, 1n a magneto-optic
recording medium in which the width of the land and the
ogroove was 0.7 um and the optical depth of the groove was
about ¥s A and reproduced said signals. In order to check the
cifect of the present invention, the jitter 1n the signal of the
shortest mark length was measured 1n which case there was
used the jitter percent obtained in such a manner that the
measured value 1s divided by the detection window width
and then multiplied by 100. The results obtained are shown
in Table 1. In general, 1t 1s judged that, 1f the jitter percent
of the signal 1s 12 percent or below the signal can be
sufficiently used as data, but the values obtained in the
above-mentioned measurement or experiment were smaller
than 12 percent as 1s clear from said Table 1. In particular,
in case of reproducing the land record, the best result was
obtained when the laser beam was irradiated so that the
clectric vector thereof may be perpendicular to the direction
in which the recorded signal flows, and, 1n case of repro-
ducing the groove record, the best result was obtained when
the laser beam was irradiated so that the electric vector may
become parallel to the direction 1n which the recorded signal
flows.

TABLE 1
Land Groove
Parallel 9.0% 7.8%
Perpendicular 7.5% 9.2%

In case of recording signals 1n the land and the groove and
reproducing them therefrom, the practically useful results
that the jitter percent was smaller than 12 percent was
obtained 1n either case without regard to the polarization of
the laser beam 1rradiated, but, if, in case of reproducing the
land record, the laser beam 1s 1rradiated so that the electric
vector thereof may become perpendicular to the direction 1n
which the signal flows, while, 1n case of reproducing the
oroove record the laser beam 1s 1rradiated so that the electric
vector thereof may become parallel to the direction in which
the signal flows, then the quality of the reproduced signal
can be further improved, and a reproducing operation suited
for a further high-density recording can be performed.

Next, the method for electrically adjusting the amount of
phase compensation according to the present invention will
be described below. FIG. 3 shows the magneto-optic signal
detecting optical system through which the laser beam
passes after being reflected by the polarization beam splitter

3.

The component reflected by the polarization beam splitter
3 shown 1n FIG. 1 1s incident on a wavelength plate 20 which
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1s 1nclinable with respect to the beam 1n order to provide a
phase difference for effecting a phase compensation.
According to the present invention, the inclination of the
wavelength plate 20 1s changed using a rotating shaft 22 as
the axis of rotation, so that the distance over which the beam

passes through the wavelength plate 20 1s changed, whereby
the amount of phase compensation 1s adjusted. Here, a
crystal optic axis 21 of the wavelength plate 20 1s parallel to
the direction of the electric vector of the incident beam 1n
case no Kerr effect 1s present. Furthermore, the beam which
has passed through the wavelength plate 20 1s incident on a
,/2 plate 23. The crystal optic axis 24 of the /2 plate 23 1s
disposed so as to form an angle of 22.5 degrees or 67.5
degrees with the direction of the electric vector of the
incident beam 1n case no Kerr effect 1s present. Furthermore,
the beam which has passed through the »/2 plate 23 1s split
by a Wollaston prism 25 into components whose electric
vectors are perpendicular to each other. The respective
components mentioned above are focused on a halved photo
detector, and, after photoelectric conversion thereof, the
magneto-optic signals recorded 1n the land and/or the groove
are reproduced by means of a differential amplifier. Here, the
phase difference provided by the wavelength plate 20 1s set
at a value smaller than %2 of the used laser wavelength 1n
case the beam 1s perpendicularly incident. However, by
changing the angle of inclination of the wavelength plate 20,
the distance over which the beam passes through the wave-
length plate 20 1s changed, so that the phase difference
changes from a value smaller than the half wavelength to a
value larger than one wavelength. That 1s, the phase differ-
ence 15 set so as to include a half-wavelength difference
without fail. FIG. 4 shows the movement-caused by the
change 1n the angle of inclination of the wavelength plate
20—on a photo detector 28, of beams 26 and 27 being the
components resulting from the splitting of the reflected
beam by the Wollaston prism 235, the electric vectors of said
components being perpendicular to each other. The respec-
five beams are photoelectrically converted by the dedicated
secgments divided by a dark line 29.

Next, FIG. 5 1s a block diagram explaining the operation
principles of the present mmvention. The two beams which
have resulted form the splitting of the reflected beam by the
Wollaston prism and whose electric vectors are perpendicu-
lar to each other are photoelectrically converted by a halved
photo detector 30 and differentially outputted through a
differential amplifier 31 and thus detected as a magneto-
optic signal. On the other hand, the thus outputted differen-
fial signal 1s passed through a low-pass filter 33 without
removing the DC component, and further, a sum signal of
the outputs from the halved photo detector 30 1s formed by
a summing amplifier 32, and, by an auto-gain control circuit
34 using said signal as a reference, the unnecessary DC
variation due to the variation in reflection ratio and the like
1s suppressed, and thus, the variation of the DC component
in the differential output which variation depends on the
amount of phase compensation 1s detected. Next, 1n order to
correct the non-uniformity in light intensity of the two
beams 1ncident on the halved photo detector 30 and the gain
error of the amplifier, an offset adjustment 1s performed by
use of a DC level adjusting circuit 35. Offset adjustment 1s
necessary only in the manufacturing stage but, thereafter, not
necessary any more.

Furthermore, by a negative feedback servo circuit 36, the
current for drwmg the wavelength plate 20 whose angle of
inclination 1s variable as shown 1n FIG. 3 1s fed to a voice
coil 37, whereby the angle of reflection of the wavelength
plate 20 1s changed, and thus, the angle of incidence of the
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beam 1ncident on the wavelength plate 20 1s changed,
whereby phase compensation can be realized. Thus,
eventually, an optimum phase compensation 1s always
clfected, and a high quality magneto-optic signal 1s obtained.
In order to give a further detailed description on the above-
mentioned principle of phase compensation, the change 1n
noise level and carrier level when the amount of phase
compensation was changed was measured. In the below
described measurement, all the amounts of phase compen-
sation referred to were measured by assuming the half-wave
as zero 1n the phase difference caused by the wavelength
plate 20. On a polycarbonate substrate in which the depth of
the groove was 53 nm and the optical depth thereof was
approximately s wavelength, and the width of the land and
the groove was approximately 0.7 um, an SiN film was
formed to a thickness of 90 nm by the use of the sputtering
method The formation of all the films referred to from now
on was carried out by the use of the sputtering method. Next,
a TbFeCo film 22 nm 1n thickness for use as a recording
layer was formed, an SIN film 22 nm 1n thickness was
formed, and an Al film for use as a reflector film was formed
to as a thickness of 70 nm. Furthermore, as a protective
coating, as a UV resin was spin coated to as a thickness of
about 13 um. The recording linear velocity was 4.5 m/s, the
mark length was 0.65 um. The recording method employed
was the magnetic field modulation method, the recording
power laser was 5 mW, the reproducing laser power was 1
mW. According to the present invention, the whole surface
of the recording medium was magnetized 1n one direction
perpendicular to the surface of the magnetic film for vertical
magnetic recording as shown 1n FIG. 6. A magnetic layer 40
at as a position corresponding to as a land 38 and as a groove
39 1s magnetized 1n the same direction as said one direction.
In case of recording as a signal 1nto the land or groove with
the whole surface magnetized 1n one direction 1n advance,
one of them, 1.¢., the land or the groove remains in the state
magnetized 1n one direction, so that, 1f the amount of phase
compensation 1s changed, the polarized state sharply
changes. It 1s because the laser beam irradiated to the
magneto-optic recording medium i1n which as a signal
recording was made 1n, ¢.g., the land 1s reproduced, 1s not
only applied to the land but also stretch over the groove, and
therefore, the mnfluence exerted on the polarized state of the
reflected beam from the magneto-optic recording medium 1s
very large as compared with the case where the magnetic
polarity of the groove 1s uneven.

Referring to FIG. 7, the solid lines in the graph shown
pertain to the case where information i1s recorded into the
land and reproduced therefrom, while the dotted lines per-
tain to the case where mmformation 1s recorded in the groove
and reproduced therefrom. As 1s apparent from FIG. 7, if the
noise level rises, the carrier level reduces, and further,
symmetrical results were obtained in the land and the groove
with respect to the change 1n the amount of phase compen-
sation. Furthermore, the amount of phase compensation
which provides the lowest noise level and the amount of
phase compensation which provides the highest carrier level
coincide with each other both in the case of the land and in
the case of the groove, and 1n the case of the groove. The
amount of phase compensation required therefor was about
—-30 degrees 1n case of the land and about 30 degrees 1n the
case of the groove. These amounts of phase compensation
depend on the ratio between the laser spot irradiated onto the
magneto-optic recording medium and the track pitch. In case
the track pitch i1s further narrowed, the amount of phase
compensation must be further increased, but, if the wave-
length plate 20 shown 1n FIG. 3 1s such as a wavelength plate
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as gives (A/2)n+approximately A/4<PZ=(A/2)n+
approximately 2/2 (2/2) (wherein n stands for a positive
number including 0, and P stands for the phase difference in
case the beam 1s perpendicularly incident on the wavelength
plate 20 shown in FIG. 4) then it is possible to ad]ust any
phase compensation amount with the phase difference of
(A/2)(n+1) as the reference value that is zero, by the incli-
nation of the wavelength plate 20. That 1s, the phase differ-
ence provided by the wavelength plate 20 1s suitably
selected from the above-mentioned condition 1n accordance
with the ratio between the spot size of the laser irradiated
onto the magneto-optic recording medium and the track
pitch. That 1s, the phase compensation amount required can
be provided by adjustment at any track pitch or at any spot
size. Here, 1t 1s important why the noise level 1s changed by
the change 1n the phase compensation amount. If the record-
ing noise caused by the magnetic domains 1s predominant,
the change 1n the noise level must behave 1n the same
manner as the change 1n the carrier level. It 1s because both
changes are due to the shape of the recording magnetic
domains and Kerr angle of rotation. The largest noise among
the other noises 1s the amplitude modulation noise due to the
quality of the substrate. The amplitude modulation noise 1s
sharply or keenly caused by the imbalance between the two
signals mputted to the differential amplifier 31 shown 1n
FIG. 5. That 1s, depending on the phase differential amount,
the DC component of the differential output changes to the
minus or the plus side. FIG. 8 shows the dependency of the
DC component of the differential output on the phase
compensation amount. In case the phase compensation
amount 1s zero, the change 1n the DC component 1s plus both
in the land and the groove, and 1n the land and groove curves
symmetrical to each other with respect to the zero axis of
phase compensation are detected. Therefore, 1n the negative
feedback servo circuit 36 for phase compensation as shown
in FIG. §, there 1s provided a switch 36a for inverting the
polarity of differential output from the differential amplifier
31 which output stands for an error signal 1s inverted in the
case of the land and 1n the case of the groove, whereby the
system can be applied to either the land record or the groove
record. Whether the polarity of the differential output 1s plus
or minus with the zero phase compensation amount depends
on the external magnetic field and the polarity of the
differential amplifier 31 when the magneto-optic recording

medium 1s 1nitially bulk erased.

By using the optical mformation recording/reproducing,
apparatus according to the present mvention as mentioned
above, phase compensation 1s performed when the land
record or the groove record 1s reproduced, whereby the
minimum noise level and the maximum carrier level can be
obtained, and therefore, 1t 1s always possible to detect a
high-quality magneto-optic signal. From now on, as the
frack pitch 1s more and more narrowed, the optical infor-
mation recording/reproducing apparatus according to the
present mnvention becomes more and more 1mportant

The case where, by the use of the optical information
recording/reproducing apparatus with the phase compensa-
tion function according to the present invention, the land and
the groove record was reproduced will be described below.
The medium used for the measurement was the magneto-
optic recording medium referred to 1n the foregoing descrip-
fion. As shown 1 FIG. 6, the whole recording surface was
magnetized 1 one direction perpendicular to the magnetic
coating for perpendicular recording of the magneto-optic
recording medium and thereafter, magneto-optic signals are
recorded 1n the land portion and the groove portion. In the
embodiment of the present invention, the pulse-assist mag-
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netic field modulation system was used 1n which optical
pulses with a pulse duty ratio of 37% synchronmized with the
clock are wrradiated and an alternating magnetic field sub-
jected to an RLL1-7 code modulation was applied. The
reproducing laser power was 1.0 mW. Information was
recorded 1n the land portion or the groove portion by the use
of magnetic domains of 2 uM, and the value obtained by
subtracting the carrier level when the signal recorded 1n the
land portion or the groove portion was directly reproduced
was subtracted, from the carrier level 1n the unrecorded land
portion or groove portion was defined as the crosstalk. Here,
in case of the land and groove record, the error signal for
phase compensation adjustment reduces as compared with
the case of the land record or groove record. It 1s because,
in the case of the land or groove record, the groove or land
1s 1n a state magnetized 1n one direction perpendicular to the
magnetic coating without fail, so that the plane of polariza-
tion sharply changes 1n response to the change 1n the phase
compensation amount. On the other hand, in the case of the
land and groove record, signals are recorded 1n the mutually
adjacent land and groove, so that, 1n the magnetic coating
before recording, there are two states 1n magnetizing direc-
tion perpendicular to the magnetic coating before recording;
and thus, the polarity of the error signal changes. Thus, 1f
signals narrower than the respective track widths of the land
38 and the groove 39 are recorded as shown 1 FIG. 9, the
initial magnetized state exists near the border between the
land and the groove, so that one polarity can be maintained,
and thus, the error signal with a sufficient amplitude 1s
obtained. FIG. 10 shows the result of the dependency of the
crosstalk on the laser power. The crosstalk from the signal
recorded 1n the land portion or the groove portion lies below
30 dB over a wide laser power range. Here, according to the
present 1nvention, 1n case, In a magneto-optic recording
medium 1n which the groove has an optical depth of about
s wavelength, the land record or the groove record 1s
reproduced, the phase compensation amount with which the
crosstalk becomes the minimum and the phase compensa-
tion with which the carrier level becomes the maximum
coincide with each other. In addition, 34, >3, and 73 wave-
length following approximately (1./4)n+)/8 are also good
and the same results are obtained because the phase differ-
ence between the land and groove results 1n the phase
difference of ¥ wavelength as an absolute value due to the
onc wavelength period. That 1s, to couple with the matter
described 1n connection with FIG. 7, the phase compensa-
tion amount which provides the maximum carrier level, the
minimum noise level, and the minimum crosstalk 1s 1denti-
cal 1 the reproduction of the land record or 1n the repro-
duction of the groove record.

Next, shown 1n FIG. 11 1s the jitter characteristic obtained
when the record 1s reproduced under the condition that the
length of 2T being the smallest mark length 1n the RLLI-7
code 1s 0.49 um, and the line speed 1s 4.5 m/s. Signals are
recorded in both the land portion and the groove portion (the
recording being made first into the land portion), and then,
the thus recorded signals recorded 1n the land and groove
portions are reproduced, whereby 1t found that the jitter can
secure so large a margin that the jitter 1s 1t smaller than 9%
over a wide laser power range. Here, the jitter 1s expressed
by the value obtained by multiplying, by 100, the ratio of the
standard deviation 02T to the window width (time); ordi-
narily it 1s judged that, 1f the jitter 1s less than 12 percent, 1t
1s a level that can be sufficiently used for data. Further, in
case a conventional optical recording/reproducing apparatus
1s used, 1t was 1mpossible to achieve a jitter which 1s less
than 12% 1n case no phase compensation 1s provided for the




5,831,942

11

signal reproduction respectively 1n the land portion and the
oroove portion. Since the optical depth of the groove 1n the
magneto-optic recording medium used here 1s approxi-
mately Vs wavelength, the phase compensation amount for
obtaining the maximum carrier level 1n the reproduced track
and the phase compensation amount for producing the
minmimum crosstalk from the adjacent tracks coincide with
cach other. However, the phase compensation amount 1n the
case of the land and that in the case of groove differ from
cach other. In particular, 1n case the birefringence and the
Kerr ellipticity can be 1gnored, the phase compensation
amounts for the land and the groove are i1dentical in absolute
value but different 1in polarity. As described above, 1 case
the optical depth of the groove 1s a '3, ¥, ¥ and 73
wavelength, if, by utilizing the polarity of the DC compo-
nent of the magneto-optic signal, the phase 1s always com-
pensated so as to bring said DC component to zero, then
there can be realized the reproducing condition that the
crosstalk when the land and groove records are reproduced
1s the minimum, the noise level 1s the minimum, and the
carrier level 1s the maximum. Furthermore so long as, 1n the
actual magneto-optic recording medium, a polycarbonate
substrate 1s used, a phase change due to the birefringence
and the Kerr ellipse appears without fail, which causes some
problem or other. However, if the magneto-optic recording,
apparatus with a phase compensation function according to
the present mvention 1s used, the substrate can be treated in
the manner as the glass substrate. It 1s because the influence
by the birefringence and the Kerr ellipse appears in a very
simple form of whether the phase compensation amount
shifts to the plus side or the minus side as a whole, so that,
by the phase compensation function, the phase compensa-
fion amount 1s automatically adjusted 1n accordance with the

individual magneto-optic recording medium.

FIG. 12 1s a schematic diagram for explaining a further
embodiment of the present invention. In the optical infor-
mation reproducing/recording apparatus mentioned above,
phase compensation 1s performed by the use of the
inclination-angle-variable wavelength plate 20 for perform-
ing a dynamic phase compensation as shown 1 FIG. 3, but,
according to this embodiment, phase compensation 1s real-
1zed by the use of an electro-optic element 41 1nstead of the
inclination-angle-variable wavelength plate 20 as shown 1n
FIG. 12. The beam led mto the magneto-optic signal detect-
ing optical system by the polarization beam splitter 3 shown
in FIG. 1 1s incident on the electro-optic element 41 such as
a KTP which produces a phase difference by the action of an
clectric field. Here, the crystal optic axis 44 of the electro-
optic element 41 1s disposed so as to be parallel to the
direction of the electric vector of the incident beam.
Furthermore, the beam which has passed through the
clectro-optic element 41 1s incident on a A/2 plate 45. Here,
the crystal optical axis of the A/2 plate 45 1s disposed so as
to form an angle of 22.5 degrees or 67.5 degrees with the
direction of the electric vector of the incident beam 1n case
no Kerr effect exists. Furthermore, the beam which has thus
passed through the A/2 plate 45 1s split by a Wollaston prism
47 1into two beams having electric vectors perpendicular to
cach other. An electric field 1s applied 1n a direction parallel
to the crystal optic axis 44. The voltage for the generation of
said electric field 1s fed between the electrodes 42 and 43 1n
accordance with the phase compensating error signal based
on the differential signal obtained from the two beams
separated by the Wollaston prism 47. By using the electro-
optic element 47 as stated above, exactly the same phase
compensation function can be obtained. And thus, in both
the land record and the groove record, optimum reproducing
conditions can always be realized.
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Next, an embodiment of the magneto-optic recording
medium according to the present invention will be described
below. If the birefrigence of the substrate of the magneto-
optic recording and or the characteristic of the Kerr ellipse
based on the magnetic coating are approximately uniform
throughout the whole surface of the medium, i1t 1s not
necessary to perform a dynamic phase compensation, that is,
even 1f the respective characteristic of each magneto-optic
recording medium, differs 1t has only to determine the phase
compensation amount necessary for the magneto-optic
recording medium if the characteristic 1s approximately the
same throughout the whole surface of the medium. Thus, as
shown 1n FIG. 13, a plurality of tracks 1n which a magneto-
optic signal 1s recorded in only the land and a plurality of
tracks in which a magneto-optic signal 1s recorded 1n only
the groove are provided in partial regions of an outer
circumferential portion 48 and an 1nner circumferential
portion 49. Of course, as a matter of fact, 1t suffices if only
one of the outer circumiferential 15 and the inner circum-
ferential portion 16 1s provided. Furthermore, FIG. 14 1s an
enlarged view showing how the magneto-optic signals are
recorded in both the land and the groove. FIG. 14A shows
that the track 1n which a magneto-optic signal with a certain
mark length i1s recorded only 1n a land 38 and a track in
which a similar magneto-optic signal 1s recorded only 1 a
ogroove 39 are disposed in a state separated from each other
by a pair of land and groove in which no magneto-optic
signal 1s recorded. FIG. 14B shows the case where only the
DC component 1s used instead of marks. In this case, no
mark 1s present 1n the land 38 and the groove 39, and they
are magnetized 1n directions different in polarity. As shown
in FIG. 14 magneto-optic signals are previously recorded 1n
the mner circumferential portion and/or the outer circum-
ferential portion, whereby 1t 1s possible to detect the opti-
mum phase compensation amount in the case of reproducing
the magneto-optic signals recorded 1n the land and/or groove
in the data area. It 1s because the land record and/or groove
record 1n the outer circumferential portion 48 and/or the
inner circumferential portion 49 are reproduced to thereby
feed a current to a voice coil for inclining the wavelength
plate 20 shown 1n FIG. 3, in which case the current value or
the voltage value when the phase compensating error signal
becomes zero, 1s stored 1n a RAM with reference to the land
and/or groove. When the land record and/or the groove
record 1n the data area are reproduced, the current value or
the voltage value 1s derived from the RAM, so that on the
basis of the thus derived value, a voltage 1s produced by the
driving circuit, and a current 1s fed into the voice coil,
whereby the wavelength plate 20 can be adjusted to an
optimum 1nclination. Of course, 1n the case of using con-
ventional magnetic coatings such as, e.g., TbFeCo or the
multi-layer magnetic coating—a magnetic super-resolution
coating—of the RAD, FAD, or CAD system. Furthermore,
a stmilar effect can be obtained. Furthermore, 1n the case of
magneto-optic recording medium i1n the light intensity
modulation type LIM-DOW system or method, likewise, an
optimum reproducing condition can be obtained.

As described 1n detail above, according to the optical
information recording/reproducing apparatus with a phase
compensation function according to the present invention, 1t
1s ensured that, in case of reproducing the land or groove
record, the lowest noise level can always be maintained,
while the highest carrier level can always be maintained.
Furthermore, particularly, if the optical depth of the groove
in groove recording magneto-optic recording medium 1s Vs,
Y8, 78 and 75 (wavelength), then as for the marks recorded in
cach of the land and the groove, a stable reproduction can
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always be realized with an optimum condition. That 1s, the
crosstalk from the adjacent land or groove can be
minimized, the noise level can be minimized, and the carrier
level can be maximized. From now on, the further improve-
ment 1n recording line density and in track density must
unavoidably be made, so that, by the use of the optical
information recording/reproducing apparatus according to
the present mvention which can provide an optimum repro-
ducing condition, the jitter margin can be substantially
improved without being subjected to a restriction pertaining
to the wavelengths of semiconductor lasers; and thus, the
present mvention can greatly contribute 1n connection with
high-density recording.

We claim:

1. An optical information recording/reproducing appara-
tus 1including a polarization beam splitter or Wollaston prism
for separating a magneto-optic signal on a magneto-optic
recording medium with a land and a groove, said groove
having a optical depth of approximately (2./4)n+2./8 wherein
n stands for a positive number excluding 0, and A stands for
the wavelength which are recording tracks, irradiating a
reproducing laser beam onto the magneto-optic recording
medium and separating, into luminous fluxes with electric
vectors perpendicular to each other, the reproducing light
reflected from said magneto-optic recording medium, char-
acterized 1n that there 1s disposed a wavelength plate which
adjusts the inclination for compensating the optical phase
difference depending on the ratio between the track pitch of
the recording tracks and the size of the laser spot when the
magneto-optic signal 1s recorded on the land and groove of
said magneto-optic recording medium, so that said wave-
length plate 1s inclination-adjusted with respect to the lumi-
nous flux passing through said wavelength plate so that the
signal level of the magneto-optic signal recorded on said
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land and groove becomes approximately maximum, and the
noise level becomes approximately minimum, and the
crosstalk by signal recorded on the groove (or land) adjacent
to the land (or groove) under reproduction becomes mini-
mum.

2. An optical information recording/reproducing appara-
tus according to claim 1, wherein the beam reflected from
sald magneto-optic recording medium 1s separated into
beams which have electric vectors perpendicular to each
other, the respective beams thus separated are photoelectri-
cally converted, the resulting outputs are applied to ditfer-
ential amplifiers, and the magneto-optic signal thus obtained
1s passed through a low-pass filter to detect the DC
component, said DC component 1s fed back for control as an
error signal for compensation for said optical phase
difference, whereby the angle of inclination of said wave-
length plate 1s adjusted.

3. An optical information recording/reproducing appara-
tus according to claim 2, wherein the polarity of said error
signal for adjusting the angle of inclination of said wave-
length plate 1s changed so that said polarity in case of
reproducing the land record differs from that in case of
reproducing the groove record.

4. An optical information recording/reproducing appara-
tus according to claim 1, wherein said wavelength plate 1s
adapted to provide a phase difference of (A/2)n+
approximately A/4<P=(A/2)n+approx. A/2 (wherein A
stands for the wavelength of the light source, n stands for a
positive number including O, and P stands for the phase
difference provided by said wavelength plate) when the
beam 1s vertically incident on said wavelength plate for
compensating said optical phase difference.
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